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In-flight icing has been the cause of a 
number of accidents and incidents

Future accidents and incidents can be 
minimized by training 

pilots and operators about the 
hazards of in-flight icing
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Motivation
All aircraft categories,      
1983 – 19961

• Over 1000 icing-related
accidents

• Over 600 fatalities

GA, 1990 – 20002

• 12% of all weather-related 
accidents due to icing

1 Bradley, 1999
2 AOPA ASF, 2002
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*Mishaps are aircraft encounters with icing,
but no substantial damage or injury resulted.
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In-Flight Icing: Obstacles to Safe Flight

• Icing weather information from the National 
Aviation System not detailed enough to 
identify and resolve operational threats.

• Ice accretion buildup can impact aerodynamic 
performance and aircraft handling qualities in 
ways that are not expected or understood.

• Pilots may not be aware of the extent of ice 
buildup or may not be knowledgeable of the 
hazards of ice contamination.

• Pilots may encounter icing conditions beyond 
current certification requirements. They may 
not be aware of the severity of the conditions.

0.0

0.3

0.6

0.9

1.2

1.5

1.8

-5 0 5 10 15 20

AOA (deg)

C
L

Clean
SLD Ridge



Glenn Research Center
at Lewis FieldPage 5Icing Branch Jun 19, 03

Solutions

Develop and disseminate new in-flight icing education and 
training materials to all segments of the pilot community & 
aircraft classes (e.g., GA, regional, bizjet, large transport, 
rotorcraft). Specifically, we need:

• Video/DVD, computer-based, on-line and lecture series 
materials for in-flight icing issues for each pilot audience.

• Active participation by pilot trade organizations, airline 
operators, airplane manufacturers, and regulatory agencies 
(FAA & Transport Canada).

• Improved learning/delivery techniques that promote better 
understanding of materials and greater learner retention 
rates.
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Implementation Partners
NASA Glenn
- Icing Physics
- Iced Airfoil Aero-performance
- Iced Aircraft Handling Qualities
- Icing Flight Operations
- Development, Direction 

& Production

NASA Ames
- Aviation System
- Pilot Decision-Making
- Instructional Design
- Human-centered Learning

FAA / TC
- Regulatory & Certification
- General Icing Operations
- Endorsement & Advocacy

Pilot Trade Orgs
- Relevance to particular operation
- Content Guidance 

U. of Oregon
- Instructional Design
- Aviation Psychology
- Pilot Decision-Making

NCAR
- Atmospheric Icing Science
- Weather forecast
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Based on NASA/FAA Tailplane Icing Program
Reviewed by FAA & ALPA
TC translated into French & released

Topics
• Role of Tailplane
• Effect of Ice on Tailplane
• Conditions Conducive to ICTS*

• Cues of ICTS
• Recovery from ICTS

* ICTS: Ice-Contaminated Tailplane Stall

Tailplane Icing
Video/DVD, Fall 1998

Available Products
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Icing for Regional & Corporate Pilots 
Video, Fall 1999

Available Products

Partnered with FAA & ALPA

Topics
• Ice Protection Systems
• Ice Bridging “Myth”
• Physical Effect of Ice Accretion
• Effect of Ice on Performance
• Effect of Ice on Handling Qualities

– Wing vs Tail Stall: Conditions, 
Symptoms, Recovery

• SLD Icing Conditions
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In-flight Icing Training Module (Instructor-Led)
Computer-Based Training CD-ROM, Fall 2000

Available Products

Partnered with FAA & ALPA

Input from Regional Airline 
Training Departments

To date: has had limited distribution -
to regional airline operators
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Icing for General Aviation Pilots 
Video/DVD, Summer 2002

Available Products

Partnered with FAA & AOPA-ASF
TC translated into French & released

Topics (Scenario-based)
• Scenarios with Actual Participants

& In-Flight Footage
• Protected & Unprotected A/C
• Interpreting the Weather Package
• Avoidance & Exit Strategies
• Wing & Tail Stall Recovery 

Techniques
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A Pilot’s Guide to In-flight Icing (Self-Paced)
Computer-Based Training CD-ROM, Fall 2002

Partnered with FAA, ALPA, &            
U. of Oregon

Topics
• Modules

– Preflight
– In-Flight
– Emergency Ops

• Exercises
• Interactive Simulators & Demos
• Additional Material:

– Resources, Glossary, Accident Database

Available Products
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NASA In-Flight Icing Training for Pilots
Combined Product

One DVD with

• Icing for Regional & Corporate Pilots

• Icing for General Aviation Pilots

• Tailplane Icing

One CD-ROM with

• A Pilot’s Guide to In-Flight Icing

Available Products
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Partner with FAA, TC, NCAR 
& ALPA

Topics
• How SLD is Different
• Cues for Early Detection
• Effect on Performance & Handling
• When, Where & How SLD Forms

Plus Satellites:
• SLD & the Weather Brief
• SLD & Flight Considerations

Supercooled Large Droplet Icing for Pilots
DVD, due Fall 2003

Current Product
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• Engineering to operational focus

• Instructional design methodology

• Intentional improvement in visual 
imagery (high speed & high 
definition)

• Develop with language translations 
in mind

…Upgrades…
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NASA plans to partner with an aviation training academy 
and/or an academic institution [Embry-Riddle].

• Access new pilots in initial training through aviation schools.

Port current info (A Pilot’s Guide to In-Flight Icing CD-
ROM) to web-based format and develop new materials 
that can support internet speed and format.

• Distance learner: lesson format through academic curricula

• Individual learner: self-paced, lesson management with 
evaluation and directed review/guidance

Web-based training
Due Fall 2004

Near-Term Products
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Icing for Regional Jet Pilots
DVD, due Fall 2004

Near-Term Products

NASA partnering with ALPA, FAA & TC, and possibly 
Regional Jet (RJ) manufacturer

• Develop script with ALPA and other experts on RJ icing. Need to 
develop file footage from RJ operations.

Operational focus
• Weather information: planning, dispatch, updating etc
• General icing knowledge
• Icing for RJ turbo-jets with thermal systems
• Flight mission & emergency operations
• Certification
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Icing for Rotorcraft Pilots
DVD, due Fall 2006

Near-Term Products

NASA partnering with Transport Canada, rotorcraft (RC) 
manufacturer (Sikorsky), and rotorcraft operator (Cougar)

• Plans to develop file footage from RC operator (FY03 & FY04) 
and from RC manufacturer icing certification flights (FY04).

Identify operational needs with RC industry, medi-vac, 
military, and training experts

• Coordinate with NASA Ames and other experts on RC training

Examine approach to address both protected and 
unprotected vehicles (may be similar to Icing for GA Pilots)
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Content Delivery Techniques
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Content Delivery Techniques

Expert & Pilot Testimonial

Bill Rieke, NASA Glenn Chief Pilot Steve Erickson, A-320 FO
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Content Delivery Techniques

Visual Storytelling

“Normal” vs
SLD Droplet 

Sizes
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A Pilot’s Guide to In-flight Icing
Ice Gallery
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Exercise Example – Situational Exercise
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A Pilot’s Guide to In-flight Icing
Exercise Example – Situational Exercise
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A Pilot’s Guide to In-flight Icing
Exercise Example – Situational Exercise
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A Pilot’s Guide to In-flight Icing
Exercise Example – Situational Exercise
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Pursue web-based, distance learning, and hybrid 
lecture/on-line lesson formats.

• Partnerships with academic institutions and training academies 
to ensure that future training aids are suited to meet the needs
of new learning environments.

• On-line, web-based (e-learning): provide on-demand, user-
defined lesson planning for wide access audience

Work with instructional design experts to improve delivery 
of materials & learner retention - develop both methods & 
evaluation techniques to assess performance 

Future Products



Glenn Research Center
at Lewis FieldPage 27Icing Branch Jun 19, 03

Scenarios as a Decision-Making Tool

Goal: Type-Relevant Mission Scenarios in Icing with 
other Av Wx Hazards
Format Options: – we need your help!

• Situational Exercises (Text & Visual Cues)
• Desktop Simulator
• Video of Pilot in Simulator

Future Products
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US and International
• Shown in Airline Operations Training

• Distributed by FAA – Flight Standards District Offices
• Shown by other Flight Safety Organizations

• Transport Canada dubbed Tailplane & GA into French
•   Solicit Feedback for Product Improvement

• 9000 copies of Icing for General Aviation Pilots (+ 1000 French)
• 4000 copies of A Pilot’s Guide to In-Flight Icing CBT
• 1000 copies of Icing for Regional & Corporate Pilots
• 800 copies of Tailplane Icing (+ 6000 on GA DVD)

Product Distribution
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• NASA will continue to develop a set of training aids 
using TV-based, computer-based, and on-line training 
technologies to increase the effectiveness of icing 
training materials.

• Wide distribution of materials - copies have been sent 
to every state and internationally.

• Positive response so far

Products available via:
http://icebox.grc.nasa.gov/ext

Summary



Glenn Research Center
at Lewis FieldPage 30Icing Branch Jun 19, 03

http://icebox.grc.nasa.gov/ext
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Finally, there are some icing events for which we 
cannot provide training:

Utah, Jan 6, 01 (all survived)


